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DESCRIPTION 

Electric pump unit 
Technical Field 

[0001] The present invention relates to a compact electric 

pump unit in which a pump chamber for circulating a fluid 
and an electric motor chamber are adjacently disposed, 
such as a vehicle water pump or an oil pump. 
Background Art 

[0002] Recently, electric vehicles with a lighter load on 

environments and so-called hybrid vehicles with a smaller 
amount of exhaust gas attract the attention, and some of 
them come into a practical use stage. These automobiles 
have no engines or perform intermittent operations . 
Therefore, a driving source for an accessory such as a 
pump which is conventionally driven by an endless belt 
looped around an engine is required to be replaced with an 
electric motor. 

[0003] Conventionally, in this kind of electric pump, a pump 

and a motor are formed as separate bodies, and the rota- 
tion shaft of the pump and that of the motor are coupled 
together in a drive transmittable manner by means of a 
joint such as an Oldham's joint. In the case of this con- 
figuration, however, a bearing and an oil seal are pro- 
vided correspondingly for the pair of shafts. Therefore, 
the number of components is increased, the size of the ap- 
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para-bus is large, and the production cost is increased. 
Therefore, the applicant of the invention proposed a small 
and economical electric pump unit in which a single shaft 
is used both as the rotation shaft of a motor and that of 
a pump (see Japanese Patent Publication (Kokai) No. 2002- 
31065) . 

[0004] Fig. 6 is a schematic section view showing the 

structure of a conventional electric pump unit, and Fig. 7 
is a section view taken along the line C-C and viewed in a 
direction indicated by the arrows in Fig . 6 . 

[0005] This example shows a trochoid pump which is to be 

used as a hydraulic pump for a transmission of an automo- 
bile. Inside the housing, an electric motor chamber (mo- 
tor section 12) and a pump chamber (pump section 13) are 
formed adjacently. In the housing, a main shaft 14 func- 
tioning both as a driving shaft which is rotationally 
driven by the motor section 12 and a rotation shaft of the 
pump section 13 is also disposed. Both axial end portions 
thereof are rotatably supported by bearings 31 and 32 dis- 
posed in the housing. 

[0006] The housing is made by, for example, an aluminum 

alloy, and configured by coupling together a motor housing 
lib which is a cover for the motor section 12, a pump 
housing 11a which mainly accommodates the pump section 13, 
and a pump plate 11c for hermetically sealing an opening 
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of the pump housing 11a. The pump housing 11a comprises 
an inner wall lid for dividing the pump section 13 and the 
motor section 12 from each other, and, in a substantially 
middle in a radial direction thereof, a through hole llh 
through which the main shaft 14 is to be inserted is 
formed. The reference numeral 15 in the figure denotes a 
rotor core of the motor, 16 denotes a magnet (permanent 
magnet) , 17 denotes a protective ring, 18 denotes a stator 
core of the motor, 18a denotes a tooth portion of the sta- 
tor core, 19 denotes a coil, 21 denotes an outer rotor of 
the trochoid pump, 22 denotes an inner rotor of the tro- 
choid pump, and 33 denotes an oil seal. 

[0007] As a motor for the above-described electric pump unit, 

in general, a brushless motor with a surface permanent 
magnet (hereinafter, abbreviated as SPM) structure is used. 

[0008] Fig. 8 is an exploded perspective view showing the 

configuration of a rotor portion of the motor in this ex- 
ample . 

As shown in the figure, the rotor portion of the 
motor with the SPM structure is mainly configured by: the 
rotor core 15 which is formed by punching electromagnetic 
steel plates coated with a nonmagnetic material and lami- 
nating them; and the cylindrical magnet (ring magnet) 16 
disposed on the outer circumference of the rotor core 15 . 
In the periphery of them, the protective ring 17 of a non- 
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magnetic material such as a stainless steel for protecting 
the magnet 16 exposed from the surface is fitted. As the 
structure of the rotor portion, a structure (segment sys- 
tem) in which, instead of the cylindrical magnet 16, a 
plurality of bar-like magnets are disposed in axial 
grooves disposed in an equally spaced manner in the outer 
circumferential face of the rotor core 15 may be employed. 
[0009] Patent Reference 1: Japanese Patent Publication (Kokai) 
No. 2002-31065 

Disclosure of the Invention 

Problems to be Solved by the Invention 

[0010] Accessories to be mounted on an automobile are 

requested to be more compact because of the reduction in 
space of the engine room. In addition, for the accesso- 
ries, reduction in weight for energy conservation (for im- 
proving the fuel efficiency) and reduction in production 
cost for enhancing the competitive power are always re- 
quested. In the above-described electric pump unit, a 
product with a more reduced weight and a lower production 
cost is requested while the same functions and reliability 
as those of the prior art are maintained. 

[0011] The invention has been conducted in order to solve 

the above -discussed problems. It is an object of the in- 
vention to provide a small and economical electric pump 
unit with a smaller number of components. 
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Means for Solving the Problems 

[0012] In order to attain the above-mentioned object, the 

invention of claim 1 is an electric pump unit in which a 
pump section for sucking and discharging a fluid is formed 
on one end side of a rotation shaft disposed through a 
hole provided in an inner wall for dividing a housing, and 
a motor section is formed on the other end side of the ro- 
tation shaft, the motor section comprising: a rotor con- 
sisting of a rotor core and a permanent magnet which are 
fixed to an outer circumference of the rotation shaft; and 
a stator consisting of a stator core having a teeth por- 
tion, and a coil which are disposed in the periphery of 
the rotor, characterized in that the permanent magnet con- 
stituting the rotor is embedded in the rotor core. 

[0013] The invention attains the desired object by employing 

the interior permanent magnet (hereinafter abbreviated as 
IPM) structure in the motor, in the electric pump unit in 
which a single shaft is used both as the, rotation shaft of 
the pump and that of the motor. 

[0014] Specifically, according to the invention of claim 1, 

the motor of the electric pump unit, which conventionally 
has the SPM structure, is configured so as to have the IPM 
structure. Therefore, a protective ring for protecting 
the permanent magnet is not required. Accordingly, the 
electric pump unit of the invention can realize a fewer 
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number of components and a lighter unit, as compared with 
a conventional product. 

[0015] Alternatively, as set forth in claim 2, when a 

configuration in which a bearing gap is disposed between 
an outer-diameter face of the rotor core and an inner- 
diameter face of the stator core opposed thereto, and ro- 
tation of the rotation shaft is supported by the stator 
core is employed, also rolling bearings which are conven- 
tionally disposed for supporting the rotation shaft can be 
omitted. By omitting the bearings, it is a matter of 
course that the cost of the electric pump unit can be low- 
ered, and furthermore the size in the unit axial direction 
can be reduced. Accordingly, the electric pump unit can 
be configured in a further compact manner. 

[0016] As the stator core used in the electric pump unit of 

the invention, an annular stator core comprising: an annu- 
lar core having a cylindrical inner circumferential face; 
and a tooth portion protruding from an outer circumferen- 
tial face of the annular core in a radial direction can be 
preferably employed (claim 3) . 

[0017] Specifically, by using the stator core having a 

cylindrical inner circumferential face which is continuous 
in the circumferential direction, an oil film can be eas- 
ily formed between the inner circumferential face of the 
stator core and the outer circumferential face of the ro- 



tor core which is in sliding contact therewith. 

[0018] Alternatively, in the electric pump unit of the 

invention, a solid lubricant coating film made of a non- 
magnetic material may be formed on at least one of the 
outer-diameter face of the rotor core and the inner- 
diameter face of the stator core opposed thereto (claim 4) . 

[0019] By the non-magnetic solid lubricant coating film, the 

friction between the rotor core and the stator core can be 
reduced without degrading the efficiency of the motor. 

[0020] As the permanent magnet used in the motor (the rotor 

portion) of the electric pump unit of the invention, a 
rare-earth magnet is preferred, and the rotor core is 
preferably formed by laminating electromagnetic steel 
plates (claim 5) . According to this configuration, high- 
speed rotation and high efficiency of the motor can be re- 
alized. 

Brief Description of the Drawings 
[0021] [Fig. 1] Fig. 1 is a schematic section view showing the 
structure of an electric pump unit of a first embodiment 
of the invention . 

[Fig. 2] Fig. 2 is a section view taken along the line A-A 
and viewed in a direction indicated by the arrows in Fig. 
1. 

[Fig. 3] Fig. 3 is an exploded perspective view showing 
the configuration of a rotor portion of a motor in the 
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electric pump unit of the first embodiment of the inven- 
tion. 

[Fig. 4] Fig. 4 is a schematic section view showing the 
structure of an electric pump unit of a second embodiment 
of the invention . 

[Fig. 5] Fig. 5 is a section view taken along the line B-B 
and viewed in a direction indicated by the arrows in Fig. 
4. 

[Fig. 6] Fig. 6 is a schematic section view showing the 

structure of a conventional electric pump unit. 

[Fig. 7] Fig. 7 is a section view taken along the line C-C 

and viewed in a direction indicated by the arrows in Fig. 

6. 

[Fig. 8] Fig. 8 is an exploded perspective view showing 
the configuration of a rotor portion of a motor in the 
conventional electric pump unit. 
Description of Reference Numerals 



[0022] la 


housing 


lb 


motor plate 


lc 


pump plate 


Id 


Inner wall 


lh 


through hole 


2 


motor section (electric motor chamber) 


3 


pump section (pump chamber) 


4 


main shaft (rotation shaft) 
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5 rotor core 
5a hole 

6 magnet (permanent magnet) 

7 stator core 

7a tooth portion 

8 annular stator core 

8a annular core 8b tooth portion 8c cylin- 
drical member 

9 coil 

11a pump housing 
lib motor housing 
11c pump plate 
lid inner wall 
llh through hole 

12 motor section 

13 pump section 

14 main shaft 

15 rotor core 

16 magnet 

17 protective ring 

18 stator core 

19 coil 

21 outer rotor 

22 inner rotor 

31 , 32 rolling bearing 
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33 oil seal 

Best Mode for Carrying Out the Invention 
[0023] Hereinafter, embodiments which execute the invention 

will be described with reference to the drawings. 

Fig. 1 is a schematic section view showing the 
structure of an electric pump unit of a first embodiment 
of the invention, Fig. 2 is a section view taken along the 
line A-A and viewed in a direction indicated by the arrows 
in Fig. 1, and Fig. 3 is an exploded perspective view 
showing the configuration of a rotor portion of a motor in 
the embodiment. 

[0024] Also the electric pump unit of the embodiment is a 

trochoid pump which is to be used as a hydraulic pump for 
a transmission of an automobile. Inside the housing, an 
electric motor chamber (motor section 2) and a pump cham- 
ber (pump section 3) are adjacently formed. In addition, 
inside the housing, a main shaft 4 functioning both as a 
driving shaft which is rotationally driven by the motor 
section 2 , and a rotation shaft of the pump section 3 is 
disposed. 

[0025] The housing la is made by, for example , an aluminum 

alloy. In an opening on the side of the motor section 2 
and that on the side of the pump section 3 , a motor plate 
lb and a pump plate lc for hermetically sealing the open- 
ings are disposed, respectively. The housing la comprises 
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an inner wall Id for dividing the housing into the pump 
section 3 and the motor section 2. In a substantially 
middle in a radial direction thereof, a through hole Ih 
through which the main shaft 4 is to be inserted is formed. 

The reference numeral 5 in the figure denotes a rotor 
core of the motor, 6 denotes a magnet (permanent magnet) , 
7 denotes a stator core of the motor, 7a denotes a tooth 
portion of the stator core, 9 denotes a coil, 21 denotes 
an outer rotor of the trochoid pump, and 22 denotes an in- 
ner rotor of the trochoid pump . 

[0026] The electric pump unit of the this embodiment is 

characterized in that, as shown in Fig. 3, the rotor core 
5 is formed by laminating electromagnetic steel plates 
having holes 5a, 5a, ... which are equally spaced in the 
circumferential direction, and that the magnet 6 is embed- 
ded in the rotor core 5 . The outer diameter of the rotor 
core 5 and the inner diameter of the stator core 7 are 
formed so as to have sizes which form a small gap therebe- 
tween, and constituted as a sliding bearing for supporting 
the rotation of the main shaft 4 . 

[0027] As described above, since the motor section 2 has the 

IPM structure, it is not necessary to dispose a protective 
ring in the periphery of the rotor core 5 in the electric 
pump unit, unlike a conventional motor having the SPM 
structure. In addition, since the rotation of the main 
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shaft 4 is supported by an inner-diameter face of the sta- 
tor core 7 , it is possible to omit rolling bearings which 
are conventionally disposed for supporting the rotation 
shaft. Accordingly , the electric pump unit of the embodi- 
ment can be formed as an electric pump unit which is 
lighter, more compact, and more economical as compared 
with a conventional product. 

[0028] The oil (not shown) with which the pump section 3 is 

filled is flown into the motor section 2 through the 
through hole lh of the housing la, and functions also as a 
lubricant for the above-described sliding bearing config- 
ured by the rotor core 5 and the stator core 7 . 

[0029] Next, a second embodiment of the invention will be 

described. 

Fig. 4 is a schematic section view showing the 
structure of an electric pump unit of a second embodiment 
of the invention, and Fig. 5 is a section view taken along 
the line B-B and viewed in a direction indicated by the 
arrows in Fig. 4. The components having the same func- 
tions as those in the first embodiment are denoted by 
identical reference numerals, and their detailed descrip- 
tion is omitted . 

[0030] The electric pump unit of the embodiment is different 

from that of the first embodiment in that, as shown in Fig. 
5, an annular stator core 8 consisting of: an annular core 
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8a having a cylindrical inner circumferential face; a 
tooth portion 8b protruding from the outer circumferential 
face of the annular core 8a in a radial direction; and a 
cylindrical member 8c which supports the tooth portion 8b 
is used as a stator core of the motor section 2 . 
[0031] The annular stator core 8 has a cylindrical inner 

circumferential face which is continuous in the circumfer- 
ential direction. Therefore, it is easy to form an oil 
film between the inner circumferential face of the stator 
core 8 and the outer circumferential face of the rotor 
core 5 which is in sliding contact therewith. Since the 
inner circumferential face of the stator core 8 is cylin- 
drical, the inner circumferential face can be finished 
with high degree of accuracy by means of machining work 
(for example, grinding) . 
[0032] Accordingly, it is a matter of course that the 

electric pump unit of the embodiment can be configured as 
a light and compact electric pump unit similarly to that 
of the first embodiment. Furthermore, the friction in the 
sliding bearing portion is reduced, and hence the electric 
pump unit can be configured as an electric pump unit which 
has a long lifetime, and which can cope with high-speed 
rotation . 

[0033] In the electric pump unit of the invention, on at 

least one of the outer-diameter face of the rotor core 5 
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and the inner-diameter face of the stator core (7, 8) op- 
posed thereto, a solid lubricant coating film of a non- 
magnetic material (for example , a f luorocarbon resin such 
as PTFE) may be formed. By the provision of the non- 
magnetic solid lubricant coating film, the friction be- 
tween the rotor core and the stator core can be further 
reduced . 

[0034] In the electric pump unit of the invention, in the 

periphery of the through hole of the housing, an oil seal, 
a mechanical seal, or the like for shaft-sealing a fluid 
which circulates in the pump section may be disposed. 

[0035] Moreover, as the magnet 6 used in the motor section 2 

(rotor) , a rare-earth (particularly, neodymium) magnet is 
preferably used. As the rotor core 5 and the stator core 
(7, 8) , a core which is formed by laminating electromag- 
netic steel plates can be preferably employed. When these 
configurations are employed, high-speed rotation and 
higher efficiency of the motor can be realized. 

[0036] The structures of the motor and the pump in the 

invention are not restricted to those in the above- 
described embodiments . For example , the invention can be 
applied to electric pump units with other configurations 
such as a pump using an impeller, and a vane pump. 
Industrial Applicability 

[0037] As described above, according to the electric pump 
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unit of the invention , a protective ring for protecting 
the permanent magnet in the rotor portion of the motor is 
not required, and therefore the reduction in number of 
components and the reduction in weight can be attained as 
compared with a conventional product. 
[0038] In addition, when the configuration in which the 

rotation of the rotation shaft is supported by the stator 
core is employed , rolling bearings which are convention- 
ally disposed for supporting the rotation shaft can be 
omitted, so that the electric pump unit can be configured 
in a further compact manner. 



